Abstract Women in drug treatment struggle with co-occurring problems, including trauma and posttraumatic stress disorder (PTSD), which can heighten HIV risk. This study examines the impact of two group therapy interventions on reduction of unprotected sexual occasions (USO) among women with substance use disorders (SUD) and PTSD. Participants were 346 women recruited from and receiving treatment at six community-based drug treatment programs participating in NIDA's Clinical Trials Network. Participants were randomized to receive 12-sessions of either seeking safety (SS), a cognitive behavioral intervention for women with PTSD and SUD, or women's health education (WHE), an attention control psychoeducational group. Participants receiving SS who were at higher sexual risk (i.e., at least 12 USO per month) significantly reduced the number of USO over 12-month follow up compared to WHE. High risk women with co-occurring PTSD and addiction may benefit from treatment addressing coping skills and trauma to reduce HIV risk.
Introduction
A significant concern for women in substance abuse treatment is the risk of HIV infection and AIDS. Genderspecific behavioral pathways between substance use disorders and risk for HIV infection include engaging in unprotected sexual intercourse (Rasch et al. 2000; Semple et al. 2004) , reporting a greater number of sexual partners (Santelli et al. 1998 ) and sexual acts, (Rasch et al. 2000) and exchanging sex for money or drugs (Hoffman et al. 2000) . Being under the influence of alcohol or drugs may diminish inhibitions and adversely affect decisions about engaging in safer sex practices. Another ubiquitous risk factor among women with high risk sexual practices and addictive disorders is a history of interpersonal violence and sexual abuse (Cohen et al. 2000; El-Bassel et al. 2001; Maman et al. 2000; Senn et al. 2007 ). Sexual abuse in particular has been associated with subsequent problems in sexual functioning, ranging from sexual avoidance to impulsive or compulsive sexual activity (Briere and Runtz 1993; Browne and Finkelhor 1986) .
HIV interventions for women (Exner et al. 1997 ) and HIV interventions in substance abuse treatment programs (Prendergast et al. 2001; Wells et al. 1996; Woods et al. 1999) have been shown to be efficacious in reducing sexual risk behavior. However, in a meta-analysis of HIV prevention interventions for women, Logan et al. (2002) found that few interventions address social and contextual risk factors, including childhood and adult victimization, mental health issues, and substance abuse. Further, interventions that failed to account for the specific environment and context in which women negotiate safer sex had poorer condom use outcomes (Logan et al. 2002) . A few studies in this review addressed some social and contextual factors but their target populations were not women with a history of trauma or PTSD and substance use disorders (Exner et al. 1997; Nyamathi et al. 1999; Shain et al. 1999) . Several reviews (Exner et al. 1997; Logan et al. 2002) indicated that in order for HIV risk reduction interventions to be efficacious for women, they should be gender specific, contain a minimum of four sessions, and focus on skills development. In particular, recommendations for women-focused interventions include emphasis on communication and relationship power imbalances related to sexual behavior, as well as integrating elements of drug treatment and addressing risk factors such as traumatic stress, low selfesteem, and self-efficacy (Amaro et al. 2007; Exner et al. 1997; Meade and Sikkema 2005; Tross et al. 2008 ).
Reducing trauma symptoms has been linked to decreases in sexual risk behavior (Gore-Felton and Koopman 2002; Sikkema et al. 2008; Wyatt et al. 2004) . Wyatt et al. (2004) explored the efficacy of a cognitive behavioral intervention which included trauma-focused groups on HIV risk reduction in HIV positive women. At 3 months post treatment, women in the cognitive behavioral group reported a 75% reduction in risk behavior versus a 50% reduction in the attention control group. In a qualitative study with HIV positive women who had histories of childhood sexual abuse, Tarakeshwar et al. (2005) found that substance abuse was a common coping mechanism for dealing with distressing symptoms and sexual activity, but that women were not easily able to make these connections. Amaro et al. (2007) , in a quasi-experimental study of integrated trauma treatment (including three HIV/AIDS prevention sessions) for women in substance abuse treatment, found that those receiving the trauma-enhanced treatment had significantly fewer sexual risk occasions compared to those in treatment-as-usual. Given the interconnected relationships between trauma history, substance use, and HIV sexual risk behaviors, these studies provide some indication that integrated trauma and substance abuse treatment may reduce sexual risk behaviors.
Strategies used to help women be more successful in negotiating safer sex include increasing self efficacy and self esteem. Both have been shown to be positively associated with a set of mediators (i.e., condom use self efficacy, condom attitudes, partner communication) that predict safer sex behavior (Salazar et al. 2005) . Insofar as an intervention targets increasing self efficacy and self-esteem, social cognitive theory (Bandura 1977 (Bandura , 1986 would predict greater behavioral change in sexual risk behavior when compared with HIV prevention interventions based on psychoeducation alone (the kind typically implemented in substance abuse treatment programs; Shoptaw et al. 2002) .
The present study is the first randomized controlled trial to examine the effect of integrated trauma and substance abuse therapy, with a focus on building self efficacy and safe coping behavior, on HIV sexual risk behavior among a diverse sample of women with comorbid substance use disorders and PTSD. The results of this study will add to the limited number of studies that indicate trauma-focused or coping skills interventions can reduce HIV risk behavior in women with trauma histories and substance abuse.
Methods

Participants
This study was conducted within the National Institute on Drug Abuse (NIDA) Clinical Trials Network (CTN).
Participants were 346 women from six geographically diverse community-based substance abuse treatment programs in the United States. Each site randomized from 34 to 106 participants (an additional site withdrew early due to low recruitment and the seven cases are not included in this analysis). All participating programs offered outpatient individual and group treatment, reflecting varying orientations and philosophies of addiction treatment.
To be eligible, participants had at least one lifetime traumatic event and met DSM-IV criteria for either full or subthreshold PTSD in the past 30 days. Sub-threshold PTSD differed from full PTSD only in the number of symptom clusters that needed to be present; that is they had to meet criteria B (re-experiencing the trauma), but only had to meet criteria C (avoidance of trauma reminders) or D (hyperarousal) instead of both. Previous research indicates that a subthreshold PTSD syndrome exists, that it can be identified using the above criteria (Hien et al. 2004) , and that it can increase a study's external validity (Schutzwohl and Maercker 1999) . Other inclusion criteria were: (1) women 18-65 years of age; (2) alcohol or illicit substance use within the past 6 months; and (3) a current diagnosis of drug or alcohol abuse or dependence.
Women were excluded if they had: (1) impaired mental cognition based on a Mini-Mental Status Exam (Folstein et al. 1975 ) score \21; (2) significant risk of suicidal/ homicidal behavior; (3) history of schizophrenia-spectrum diagnosis; or (4) a history of active (past 2 months) psychosis. There were no inclusion or exclusion criteria based on HIV serostatus and HIV status was not collected as part of this study. The majority of ineligibility was due to not meeting PTSD or substance use criteria (n = 97 of 171, 56.7%) or presenting as a suicide risk (n = 31 of 171, 18.1%).
Procedures
Recruitment occurred over a 21-month period in 2004 and 2005. Interested treatment program clients completed a brief assessment to ascertain potential eligibility, followed by a screening assessment to confirm eligibility. A third (baseline) interview was completed to assess additional substance use, PTSD, and social characteristics. Participants were reassessed at 1-week, 3-, 6-, and 12-months post treatment. Independent assessors performing all baseline and follow-up assessments were, to the extent possible, blind to participant's treatment assignment. See Fig. 1 for a diagram of participant flow through the study.
Interventions
After the baseline assessment, female participants were randomized into one of two 12 session group interventions.
Treatment consisted of two 90-min sessions per week for 6 weeks. Groups ranged in size from two to eight women and operated with an open, rolling admission so that participants entered the group at any point in the session cycle (i.e., a participant could enter at session three and complete treatment with session two).
Seeking Safety Treatment (Najavits 2002)
Seeking safety treatment (SS), a short-term manualized therapy, applies cognitive-behavioral strategies to the goals of reducing substance use and the negative impact of trauma exposure and was developed for both individual and group modalities. Sessions are structured and include basic education on substance use disorders and PTSD, action skills to prevent drug use and control PTSD symptoms, cognitive restructuring with particular attention to maladaptive thoughts associated with substance use and trauma symptoms, and a focus on relationship issues and developing effective communication skills to build a healthy support network. Session topics are meaningfully connected to participant reports of unsafe behavior and coping skills.
The basic format of each session includes: (1) a check in for the therapist to find out how the participant is doing and identify safe and unsafe coping used since the last session; (2) a session quotation to provide a brief point of inspiration; (3) connecting the session topic and materials to the patient's experience, offering intensive skill rehearsal; and (4) a check out to provide an opportunity for the therapist to reinforce progress and to provide feedback. While SS does not focus on specific HIV risk behaviors or provide any HIV prevention education, discussion about safety and coping may include sexual or drug risk behaviors. For example, in the context of learning to be assertive in relationships, setting boundaries with partners around safer sex may be discussed. The group format allows for women to discuss the application of coping skills in their lives and participants provide support and reinforcement to each other. Seeking Safety was originally developed for women in the community, but has recently been employed in other populations (men, incarcerated individuals, adolescents).
Women's Health Education (Miller et al. 1998) Women's Health Education is a psychoeducational intervention that focuses on topics such as female anatomy, human sexual behavior, pregnancy and childbirth, nutrition, and diabetes. It also includes a session on risk behaviors associated with sexually transmitted infections and a session on HIV risk exposure and transmission. WHE provides equivalent facilitator attention, expectancy of benefit, and issue oriented focus, but does not provide theory driven techniques such as cognitive behavioral therapy and psychoeducation specific to substance abuse and PTSD. All sessions followed a common format: (1) introduction of topic; (2) review of group rules; (3) review of between session assignments; (4) topic presentation using mini-lecture, video, story-telling and/or text readings; (5) exercises to facilitate group discussion and application of materials; and (6) goal-setting.
Measures
Sociodemographics
Basic demographic data, including age, ethnicity, and race were collected at the screening assessment. Marital status and education were collected at baseline using the Addiction Severity Index (ASI-Lite, revised from the 1997 ASI Fifth Edition; McLellan et al. 1992) .
HIV Risk Behavior
Sexual risk behavior was assessed using the Risk Behavior Survey (RBS; Booth et al. 1993) , an interviewer-administered questionnaire assessing HIV risk behavior defined as sexual activity (vaginal or anal sex) without use of a condom in the past 30 days. Because sexual activities were evaluated on a categorical seven-point scale for frequency (once/irregularly to four or more times per day), data were recalculated to create a continuous variable of vaginal or anal occasions. The number of sexual occasions in the past 30 days was coded 1 = once/irregularly; 2 = less than once per week; 5 = about once per week; 16 = 2-5 times per week; 30 = about one time per day and; or 60 = 2 or more times per day. The proportion of condom use was recoded as 0 = never; 0.25 = less than half the time; 0.5 = about half the time; 0.75 = more than half the time; and 1 = always. Number of occasions was multiplied by one minus the proportion of condom use to derive a continuous variable of number of unprotected occasions in the past 30 days.
Substance Use
Alcohol and substance use data were collected for the prior 30-days using the ASI-Lite (McLellan et al. 1992) . A single, continuous substance use variable was created using the maximum days of use among five substances (alcohol, heroin, other opiates, cocaine, and amphetamines).
Post Traumatic Stress Disorder
PTSD at baseline was assessed via the Clinician Administered PTSD Scale (CAPS; Blake et al. 1995) which measures frequency and intensity of signs and symptoms of PTSD in the past 30 days.
Data Analysis
An intent-to-treat sample was used in all analyses. Participants' demographic and baseline diagnostic characteristics were described by means and standard deviations, or proportions. The differences between the two treatment groups were tested using chi-square (two categorical variables) and two-sample t-tests (continuous variables).
Inspection of the data revealed a large number of participants who reported no unprotected sexual occasions (USO) during the 30 days prior to baseline assessment. This suggested a zero-inflated distribution which violates the assumption of normality underlying a standard linear model. Therefore, to assess treatment effect (SS vs. WHE) on USO, we used a zero-inflated negative binomial model with random effects for participants. The zero-inflated negative binomial model is an extension of the widely used zero-inflated Poisson model introduced by Lambert (1992) . Although both zero-inflated negative binomial and zeroinflated Poisson models can be used to model count data with excess zeros, the former relaxes the restriction that the variance equals the mean, necessary in a Poisson distribution. Covariates included treatment, time of assessment (3-, 6-, and 12-months post-treatment), baseline sexual behavior [log (baseline USO ? 1)], and pre-selected baseline variables (race/ethnicity, age, marital status, educational level and treatment site). There were no significant differences in sexual risk outcome based on PTSD diagnosis (subthreshold vs. full), or treatment attendance; therefore these variables were not included in the model. Group was not a unit of analysis included in the model.
The predicted numbers of USO in the zero-inflated negative binomial model are the product of the probability of participants with at least one USO (1-) and the frequency of USO given that the participants might have USO (u, mean of the negative binomial distribution). Follow up analyses were planned to test the possible interactions between treatment, baseline USO, and time if initial analyses achieved a confidence level of greater than 90% (i.e., P \ 0.10). Inference was based on the final models. PROC NLMIXED in SAS was used to conduct the analysis. Table 1 displays baseline demographics for 346 randomized participants from six treatment sites. The average age of the participants was 39.2 years. About half were Caucasian (46.2%) and one-third (33.5%) African American. Approximately one-third of the sample were married (34.4%) and about half (53.5%) were sexually active. Of those who were sexually active, the vast majority (79.9%) had only one partner.
Results
Participant Characteristics
As specified by study eligibility criteria, all participants met current DSM-IV criteria for either full (80.4%) or subthreshold PTSD (19.6%). The most frequently diagnosed substance use disorder was cocaine use disorder (72.8%), followed by alcohol use disorder (62.0%). The average CAPS total score among all participants was in the severe range (Weathers et al. 2001 ) with a mean of 62.7 (SD = 19.5, range 19-119). The majority of participants experienced physical (93.8%) or sexual violence (89.5%) in their lifetimes. Individual sites differed across many variables, including age, education, marital status, and CAPS total score. Table 1 also presents HIV risk behaviors at baseline. Almost half the entire sample reported at least one unprotected sexual occasions (USO) in the 30 days prior to baseline (46.1%). Notably, few women (only 1.7%) injected drugs during the 30-day period. There were no significant differences between treatment groups at baseline on sociodemographic factors, drug use, PTSD symptoms, or sexual behavior variables.
The average number of treatment sessions completed was 7.5 (SD = 3.85) for Seeking Safety and 6.8 (SD = 3.94) for Women's Health. Retention rates were 
Analyses of Treatment Impact
The zero-inflated negative binomial model predicting unprotected sexual occasions (USO) over the study period is summarized in Table 2 . In the non-zero part (negative binomial) of the zero-inflated negative binomial model predicting the number of USO over the entire study period (3-, 6-, and 12-month assessment points; right side of Table 2 ), there was a significant interaction effect between treatment and baseline USO. The effect of treatment (SS vs. WHE) on USO was statistically different among individuals with higher baseline levels of USO (Adjusted OR = 0.74, CI = 0.55, 1.00, df = 262, P \ 0.05). In the zero inflated part of the zero-inflated negative binomial model predicting USO being zero vs. non-zero over the follow-up period (left side of Table 2 ), there was a significant main effect of baseline USO, but the interaction USO unprotected vaginal or anal sexual occasions with a male partner, AOR adjusted odds ratio, CI confidence interval. To calculate the odds ratio of the probability of being zero in SS over WHE when baseline USO is 2 = 1/exp(log(1.54) ? log(0.22) 9 log(3)) and when USO is 12 = 1/exp(log(1.54) ? log(0.22) 9 log(13)). To calculate odds ratio of the number of USO in SS over WHE when baseline USO is 2 = exp(log(1.06) ? log(0.74) 9 log(3)) and when USO is 12 = exp(log(1.06) ? log(0.74) 9 log(13)) a Age, racial/ethnic group, education, marital status, and site were controlled in both models P \ .10, * P \ .05, ** P \ .01 Fig. 2 Predicted values of number of unprotected sexual occasions using a zero-inflated negative binomial model effect between treatment and baseline USO was not significant. Based on the two-part estimation in the zero-inflated negative binomial model, the mean number of USO was the product of the probability of having any USO (logistic regression) and predicted number of USO (Fig. 2) . When the two treatment groups had the same low USO at baseline (two times per month, 25th percentile of USO at baseline among cases who had any USO at baseline), the number of unprotected sexual occasions at the 12-month follow-up was 3.45 for SS and 3.22 for WHE. This was not a statistically significant difference. However, when the two treatment groups had high USO level at baseline (at least 12 times per month, equal to the mean USO and comparable to the 57th percentile of USO at baseline among cases who had any USO at baseline), the number of USO at the 12-month follow-up was 4.97 for SS and 8.60 for WHE, a statistically significant difference (t = 2.07, df = 262, P = 0.04).
In the analysis of total sexual occasions, there were no significant main effects of treatment or interactions of treatment with baseline total sexual occasions or time.
Discussion
Our study provides new evidence for the field of HIV prevention, extending results of the impact of trauma treatment among female substance abusers (Amaro et al. 2007 ). Study findings demonstrated that SS, a traumafocused cognitive group therapy targeting skills building and self-efficacy in the context of integrated trauma and substance abuse treatment, was significantly more effective in reducing HIV sexual risk for women with higher levels of unprotected sex when compared with a Women's Health Education curriculum which provided specific psychoeducation on HIV risk reduction. Although Amaro et al. (2007) had similar findings, their study examined a 25-session trauma intervention which included three sessions on HIV/ AIDS prevention. Thus the current study provides further evidence of the association between integrated trauma and substance abuse treatment and reductions in sexual risk behavior beyond those expected from traditional HIV/ AIDS prevention content. In a recent meta analysis review of behavioral interventions to reduce HIV sexual risk behaviors, Noar (2008) found that skills training was a moderator of sexual risk reduction. However, whether skills training focusing specifically on HIV risk reduction skills or coping skills focusing on more personal self management skills is more effective is not yet clearly evident. It may be that certain populations, such as women with PTSD, respond better to learning coping skills directly related to their trauma histories.
While brief, user-friendly, skills-building sexual risk reduction interventions are useful, they are only nominally able to address underlying mental health and trauma experiences common among substance dependent women (Tross et al. 2008) . The SS curriculum did not directly address HIV risk reduction, but rather focused on developing safe coping skills, communication and boundary setting, and generally identifying and reducing unsafe behavior. SS has been shown to impact self-efficacy as a mediator of outcomes (Gatz et al. 2007) . Improving self efficacy overall may promote increased awareness of and ability to address safety in multiple domains, including sexual risk behaviors. Social action theory (SAT) predicts that an intervention which enhances an individual's ability to self regulate through problem solving, as well as improves social communication and self efficacy, would be superior to one which focuses on imparting information alone (Ewart 1991) . Social action theory is a widely applied theoretical model used to explain HIV sexual risk behavior change and is based on three dimensions that influence self-regulatory systems. Our findings provide support for interventions that alter scripted behavior (through safe coping and cognitive therapy) in the context of systemic factors (such as trauma, substance use and social interaction) to more effectively impact sexual risk behavior compared to a health education curriculum with HIV specific content for women with comorbidity engaging in high risk sexual behavior. It is not known from this study whether SS combined with HIV prevention specific content would be associated with additional sexual risk reduction.
In line with previous findings from the trauma literature, about half of our sample (46.5%) reported sexual abstinence in the 30 days prior to baseline. Previous research has suggested the occurrence of subgroups of women with PTSD who differ dramatically in sexual risk behavior; some women with sexual trauma histories avoid sexual activity, whereas others become sexually compulsive (Deliramich and Gray 2008; Myers et al. 2006) . Merrill et al. (2003) found that women with childhood sexual abuse histories who used more avoidant coping strategies reported fewer sex partners, whereas those using more destructive coping strategies such as alcohol and drug use reported a greater number of sex partners. Thus, in the context of substance abuse treatment, as women stop or use substances less, increases in avoidant coping strategies may actually result in less sexual activity. Notably, in the present study, those who were less sexually active, or generally using safer sexual practices, did not appear to be impacted differentially by either treatment, although this may be a result of a statistical floor effect.
Our study differs from previous research in several important respects. The sample of treatment-seeking, substance abusing women was selected based on PTSD diagnosis. Previous intervention studies have not focused on women with PTSD as a targeted subpopulation, despite the high prevalence of trauma among women in community drug treatment programs (Bensley et al. 2000; Cohen et al. 2000; Kang et al. 2002) . Whereas previous research has focused primarily upon intravenous drug users, those who trade sex for money or drugs, and men who have sex with men (e.g., Bensley et al. 2000; Cohen et al. 2000) , the present study focuses on heterosexual risk behaviors, which has become the primary mode of HIV transmission for women (Centers for Disease Control and Prevention 2008) .
Several limitations of the study warrant mention. As a study designed to treat PTSD symptoms among women in community drug treatment, the sample met criteria for PTSD or subthreshold PTSD, which limited the range of traumatic stress exposure by excluding those with less severe trauma symptoms. Also, sexual risk information was gathered via the Risk Behavior Survey, an intervieweradministered instrument, not an audio computer-assisted interview, which has been found to increase the validity of sensitive data collection (e.g., Metzger et al. 2000) . Similarly, additional data regarding actual or perceived partner risk was not collected as part of this study. Therefore, actual HIV risk for women in this sample was unknown and may have contributed to decisions regarding condom use. Another study limitation involves the fact that two HIV/sexually transmitted disease-related sessions in WHE were part of a longer curriculum of health education; HIV sessions embedded within a more general health intervention may be received differently from free-standing HIV education sessions typically offered in substance abuse treatment settings. Finally, generalizability is reduced by the large number of participants who were eligible after the initial brief eligibility screen, but who did not attend the full screening interview (n = 671). Specific data was not available for why these participants did not attend the screening interview (e.g., may have dropped from substance treatment altogether), but could suggest possible acceptability issues of the study for a sub-population of clients. Although retention rates were lower than desired (approximately 60%), they are reflective of more general substance abuse treatment attrition.
An additional limitation is omission of group level data analysis in the model. It is possible that since the treatments were delivered in rolling groups that changed in membership from session to session, group might exert its own effect upon outcomes. However, since each site ran a single ongoing group for each intervention and did so for the majority of the time using one dedicated therapist (for each intervention), the inclusion of site and intervention in the analysis handles much of the variance. Although innovative statistical methods are being developed to examine relevant questions related to the complexities of group structure under rolling admission designs (MorganLopez and Fals-Stewart 2006) , it would be difficult to tease apart group level effects independent from site and intervention in the current analysis.
The current experimental study highlights ways in which cognitive behavioral groups that enhance coping skills, safety, and self-efficacy may indirectly impact risky sexual behavior among women with comorbid trauma and substance use disorders. Future studies could specifically examine the hypothesized mediators and moderators of action that can more fully explain the nature of how trauma-focused interventions can impact HIV risk behaviors. A design that would allow for testing the impact of addressing trauma symptoms directly in contrast to focusing on developing more global coping skills vs. education alone is indicated. In all, findings from the present investigation are encouraging and support new directions for HIV prevention research to explore ways in which behavior therapies can improve symptom management and coping skills for populations with co-occurring PTSD and substance use disorders.
